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This invention relates generally to measuring appearance variations in

nol ded plastic parts, and specifically to tools for duplicating the
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streaki ng. Consuners of durable plastic products including, for exanple,
toys, |o conputer and printer housi ngs and vehi cl es expect a uniform
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i ncl ude streaks wheSYSTEM ANRBMETEAD EQ@H%&W@@%W’EWE These streaks

may arise as different flow fronts fromdifferent gates neet or downstream

of flow disruptions such msFrEretd b8 MOLDSE &3 ASTIORARDIS hol es. 15 Currently,
few, if any, nunerical specifications related to uniformty of appearance

are given to a supplier of raw plastic products outside of average color

and possibly gloss or haze. Nevertheless, the nolder creating the part and
t he consuner each expect a product with no visible flaws. The consuner, in
particular, may vi ew appearance defects as both unsightly and as indicative
of 20 poor quality material. Currently, the quality, uniformty, and |ack

of defects i i ,call i~Addged using visual inspection on
producti on pgﬁ%&%‘#@ﬁ|dféﬁ‘éém"%w§ﬁkgence of nunerical specifications,

| ack of consistency due to operator variation, and an inability to

consi stent |y and Tapirdegtignr iades gandraliygte meabeingoéppeangricesvargtionshisr , 25 a
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eval uat i om. d@hputet andspratitdrfioosihgs, faod vehicies eppedt aruniforma guifasedintshevifir obl em
and provide no visible flaws, streaks, -or defects. Common defects include streaks where
varidus plastic flows meet in a part. These streaks may arise as different flow
fronts from different gates meet or downstream of flow disruptions such as griils,

bosses, ribs, or holes.

15 Currently, few, if any, numerical specifications related to uniformity of
appearance are given to a supplier of raw plastic products outside of average
color and possibly gloss or haze. Nevertheless, the molder creating the part and
the consumer each expect a product with no visible flaws. The consumer, in
particular, may view appearance defects as both unsightly and as indicative of

20 poor quality material.

Currently, the quality, uniformity, and tack of defects in a part is typically
judged using visual inspection on production parts. This leads to an absence of
numerical specifications, lack of consistency due to operator variation, and an
inability to consistently and rapidly process a large number of samples. Further,

25 a large amount of waste may be generated since a large number of defective
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However, several problems remain. First, complex, curved, or textured
parts are not amenable to automated inspection. 'Second, this spatially resolved
spectrometer generates massive amount of data and automated data reduction
Is necessary to screen parts.

45 Accordingly, there is a need in the art for and improved system and
method to quantify appearance defects in molded plastic parts.

SUMMARY OF THE INVENTION

A molding tool that duplicates streaking seen in real parts is dsed to
50 produce molded plastic part samples that include selected topoiogical surface
features (e.g., ribs, holes, grills, bosses) of production moided parts to be
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production nol ded parts can then be produced properly?@he first tinme, in a
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BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic iitustration of a spatially-resolved spectrometer

| according to one embodiment of the invention, for obtaining color readings from
7 '70. a plastic part being examined and analyzed;

FIG. 2 is a plan view of the molding tool in accordance with one
embodiment of the invention;

| FIG. 3 is a plan view iHlustrating various mold configurations for use in
connection with the molding tool of FiG. 2;
75 - FIGS. 4 and 5 are flowcharts fllustrating methods of post-processing color
readings according to embodiments of the invention;



95 generally conprises three parts: A nolding tool that3lddgiPbers2088 t he
streaking seen in real paris, the a spatially resol ved.sSpectrometer to
measure col or along the surface of the part, and post processing software
to quantify W@0EE#Eaki ng. Various parts of the system nmay al $6TBE0QQR4ES
al one, as appropriate. As used herein, the termusanples” will be used to
refer to nolded plastic |00 parts produced by a nolding tool according to

the invention, while "production” will be used to refer to a ol ded plastic
part (such as a corﬁ%@tirgﬁﬁ'ﬂﬂug r9 AEY\LA'SE'@t@@'@S‘B@r datsh sepesentativef color signal
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according to thst provessingrilteling abesrdingaotiexinvehtien; nvention i nvol ves
creating and using "sanple" plastic parts to 105 determ ne the optinum

prescription for producin "{l)_r oduction" plastic Parts, so that defective
product i oB%of prodddf.olf glbiﬁ ates ghnathed v8ed tefgiquisle a qualivoueasure of the:
producti on par j 1P, & As rat j , Co
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di scl osure of thbeaniphy datedfdFfiG® 6d endi ng and i ssued 1lo U. S. Patents.
Col or measured by spectroneter 1 is output in any conventional col or

format 10, such as t not limted to, ClELap,units. L, a, b. A pplded

b mstic part 11" (Wi obustidles §56 etnod dged o desSikel Uk shapd,pbl srmple
part, but in t&g{§0¥piég§(§[ggi on is a sanple) is evaluated by directing

i nci dent |ight roma |1ght source 13 onto plastic part 11 at a sanple
point 17, and reflected light 14 from 115 sanple point 17 is measured using

spectronmeBsr 1. | ndilté&nt12 iaght 13 Blustrate thef methed) useghto average ther degrdet of
and fromplastic part 11 for ex le- .via_ light arrters 15 such as

opti cal 1 ber erafn kol peek i SERP o e Sl cermplel LsiEL et Serfgfe 15w cata
focusi ng el emyyftG1e, such as one or nore optical |enses. Incident Iight 12
may or may not be "focused" at sanple point 17 in the scientific sense; so
120 sanmple point 17 is sinply to be understood as a point upon which |ight
inpinges 12 and is reflected 14. In order to evaluate streaking 18,
plastic part 11 and sanple point 17 are novable relative to one another in

any direction @?QWDEW:"%@FWIE F%%T [g axes illustrated. A

plurality of readings nay t aken Ifferent |ocations upon
~plastic part 11 at a plurality of locations 125 spatially separated from
one anotheo by preddiecersevaesal chirsmantyesvenied dind czaromeonly-agsigmed issued and

H11ustration, ;:Eem%insga%.elga?ern?s tn% eednelcnlligre %lrslc%séga aslp%%gll)}-Peeso)fve%('S,Sect;%%%sé;e)ic
' tool for measuring visual characteristics of plastics, such as color, color blending,
coining (e.g. scratching), etc.

The system and method, according to one embodiment of the invention,

95  generally comprises three parts: A molding fool that duplicates the streaking

seen in real parts, the a spatially resolved spectrometer to measure color along

the surface of the part, and post processing software to quantify the streaking.
Various parts of the system may also be used alone, as appropriate.

As used herein, the term “samples” will be used to refer to molded plastic
100 parts produced by a molding tool according to the invention, while “production”
will be used to refer to a molded plastic part (such as a computer monitor



readi ngs are then input to*the post processing sof t war e1f@ctolgrd#®0Bf i cat i on

and -analys Mol ded pl astic part 11, when it is a sanpl e plastic part

pr oduced é@%f"ﬂf HE)"to the invention, will also sonetines be rREEVSWNHI as
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possible, if desired. The nolding |Ilustrate
conpri ses a dlustration ;@ samplehds eweltlam bVodchqblngdaCIdest nwnzgrdmoanlugaa|
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using focusing elements 16 such as one or more optical lenses. Incident light 12
may or may not be “focused” at sa'mp[e point 17 in the scientific sense; so

120 sample point 17 is simply to be understood as a point upon which light impinges
12 and is reflected 14. In order to evaluate streaking 18, plastic part 11 and
sample point 17 are movable relative to one another in any direction along any
combination of the x-y-z axes illustrated. A plurality of readings may thus be
taken from different locations upon plastic part 11 at a plurafity of locations

125  spatially separated from one another by predetermined distances and directions.
in this illustration, the samples are taken linearly 19 along the x axis. These
readings are then input to the post-processing software for quantification and
analysis. Molded plastic part 11, when it is a sample plastic part produced
according to the invention, will also sometimes be referred to as a “mold” or

130 ‘plagque.” The color format measurements 10 are then forwarded to a
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produci ng sanfié@regsdmm pemandicW@ecor ding to the i nvention. The weights
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data collection, and transforms the raw data into color coordinates. The

computerized device guides the user through necessary calibration activities and
. allows the user to optimize the signal to noise by allowing adjustment of key
parameters. Manual adjustment of the sample to selected locations is also

150 possible, if desired.

The molding tool, illustrated in FIGS. 2 and 3, comprises a system that
aliows the user to duplicate streaking from real parts on a laboratory scale.
Samples produced in the molding tool are typically flat with a smooth, uniform
surface finish, making them the ideal samples to be evaluated using the spatially

155 resolved spectrometer.

A sample mold, such as a two-cavity molding tool 2 illustrated in the
preferred embediment of FIG. 2, comprises a single gate cavity 21 to produce

single-gate plaques, and a double-gate cavity 22 used to produce double-gate
. 6 *
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scope of the invention which best duplicates the results seen in production
175 samples on a smaller scale, even outside the ranges enumerated above.
Thickness, in particular, may depend on plastic formulation, properties such as
melt temperature and viscosity, and final production part thickness. Insofar as
weight in concemned, a Cycoloy C6200 part and runner, for example, Weighs
approximately 1.2 oz (33 g). While the Cycoloy C6200 is used for a specific

180 plastic formulation, any formulation of interest could be used for producing

e

sample plastic parts according to the invention. The weights would generally be
similar for different plastic formulations.

FIG. 3 illustrates various sample plastic part (plaque) 11 configurations

that can be produced utilizing various mold inserts in connection with the molding

185 tool of FIG. 2. In particular, a plurality of molding tool inserts are inserted into
one or more of the insert location 26 of molding tool 2. Each such insert is
designed to produce, for example, molds (plaques) 11 with a “hole” 31, “hoss”

v



manuf actured is to have certain topol ogical features, elt@epbere¥Bately or
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into single gate cavity 21 or double-gate cavity 22 via gates 37.

(Doubl e-gate cavity 22 may be used where it is known that the production
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as 31-36, and pmﬁahetdcmtthe gfa@ﬁclﬂvwcas oand egiillir gsros§ R8SpRetid (36, arthe
renoved and placed under spatially-resol ved@iﬁlect rometer 1 as earlier

descri bed%on cepifigtratinnsiiflesiratedin T1Gh3 ase peasiicad bysplaeisg a singlef tapalagieal”

doubl e-gate  cOPRyBInERALERafn PRSI ghe BT AL cBrity Ptagnd =
di scussed bel qyair bf “blank” uﬁsert@;emr@ttnél rémainirid) eve livgBie lobhtive 2 i siﬁg!eepéf@' e
in the illustration of _FIG is 230 one with a "grill" parall

pl astic flow 3RVigRldeTAus, éhe reeiging taok inserts ereullustetedin s of she Mnegatjine’ 3,

ot tvare in AotborarEe CRRBeS: v Sar ol Tt IHG G e s

col or scaps anshderstoed! thbrsfot, Radidiéenescs, fon ekaivpld)es Hoest Mael 32-AdfeOtPr
space) between the 235 |I%ht est and dar kest poi nts across a streaked

regi on. That i&? inseridhabwReniingered inkhsingleate sayitt Bb ang afterimolten plastic inl e

vari ation fromigeRnio SRGR galt il 4, Wil Frodlos I ebBReR) thirod e,

3
}e

Vari ous errbodnllumtaiecabq ms Qu’nila'ly, Fgenesal rrgfeﬁelﬁe!set&kmbmﬁ%ﬁtobl et 3; will by ed
under the curve mag cal cul ated. For parts with nultiple 240 streaks t he

val ues for eaddgr t@ﬁ& Rehe Qrethml%lasdo ring@fts \%ﬁtlﬁ?bﬁw the sRgativascal angl
b I ngi |
dgt ;eg;)r%ﬁ ! :}F'gbgg %Bl’f%ce-lfﬂﬁdr' pEha: s’é‘rtﬁﬁsec Bgﬁgtehomvécﬁm lt;l%l I{]n'?e shéW

processi ng
invention is qﬁaquesb‘b‘ﬂoﬂ\Ft(hJeference to CI ELab col or space |t i's
understood that any other neans of char acterizing and anal yzing col or can

oSS oea e oy S S5CREARE o oo efi f 18, F SR sl e
lie: ch; S?ﬁé efoﬁ’t?%éc’mh éﬂ:@@céeféétér@%”t‘,@fﬂnﬁﬁlyﬁ RAEbGhteYad 88 ClYSElicHiBRC (isytR!t er

moldings, and so enable “sample” moldings to be produced that have surface

205 features that wili be produced.m the production moldings for the planned

production runs.” Of course, these are just examples of the types of

configurations that can be produced by the inserts, and it is understood that

molding tool inserts 3 that are designed to produce additional surface features

not expressly iliustrated in FIG. 3 may also be developed and used according to

210 the invention. Also, the ribs and grills (and any other surface features produced

by other insert types that are not radially symmetric) can be oriented at any angle

relative to the main flow through gate 37. Similarly, while double gate cavity 22

utilizes two gates 37 with substantially parallel input, it is understood that any

number of gates can be used, with varying relative orientations to one another, in

215 accordance with the invention.

Thus, in use, if it is known that a “production” plastic part to be

8
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invention as described in reference to FIGS. | through 3, Osteber2088si r abl e
to conpare _the various sanples and determ ne which sanple has the optinum
250 appear ant@00670p4; s in turn nmakes it possible to deterni ne REFEFPOPII8D T
i*ngredi ents and which set of processing conditions should be used in
production. There are three primary types of data that are nmade avail abl e

f hi I, he_i ion. F , Si h I f
he poak and JHTMGCERED vEcer Bae GerBin bupdasiial (palusesr oifan separmisly aein

I f OPIRAB St ¢ i i and_ Sj
Sroot her (1 over S o%é?“?v‘édﬂ%’é‘ﬁ%!?ﬁﬁ%"@ SRLRT P 0 RPH AP ifg Rl Mot

variations, itheinsssklocativrs 26, abd dblank” Ingers iary placwdanter &M RémB irRert
to obtain ,a detailed ™ description of

t hese sl s. (Second, it 1S desirabl C .

t he oVer%‘I?I? sﬁ%cﬁg"’@ﬁa?ércttﬁ?%t W&e%fﬁ?ﬂ@ Sppeipudack intersingle gateptavity 21 or
Finally, one f ' =i t ' le i s based on
el ght 260 vareor i e o 228 a8 37, (Dotbicide B Vo BV e Lged Wrace B
an overal | avis &gewnothathtiee productivh plastis past Rk Beheraiuskh! b edouble gate
statistically.insiagnificant color variations nmneasured fromone |ined
position to tﬂeﬁ@% fISIr‘e éI@F(Iﬁi @@IID%I%II%I%MG”I andgig resultisgpplaquelsy with
perform ng an I L0/, | L tnsignificant,
vari ations tosglg%%% r@gmg?%tﬂ&r?g%gf 9? rsIg('e) %dga&@fha%hwaeltﬁgs'deg‘\ﬁgﬁ reggif
space b&iafy cpagingst.etfe feonovestand piared ufdeBSspatialiytesoh@tesidmatl 9 as

illustrati i, | | | cul at.i , .. At 402, t dd
101 Tirat der entiendEStaked FEedinettion el BT 2te sreakiia 18abpubeg foro the
have been scagjprfbdicdl ﬁﬁﬁIré_Sr.?rlsfeaIdIfeé I‘tlffl i)F/Ite?@éIS rngrﬁ %OU.ID% Ig%& {%&8@%@%‘@

"sanpl e" or "sanple data" w gener a be uSed to re
overal | set wa‘gli%tlﬁ ysed)ds ihermanalyzsd by specirometimtiaap distlisssb balone dit hy

the process ' ' |GS.. 1 rough 3, for each plastic part sanple.
For exanpl e,EIuIIé Qg%gz@%t &eﬁ?ﬂﬁebgrqsegaﬁﬁp‘I”é?xm 'ﬁrtgﬁl'IIE@HaHWéioéEIﬁ-n‘édﬁ
there wowl d dite Withla gritepsralél tBaP bRislahgwassoci ated with these twel ve
part sanples, and each data sanple would contain a nunber of data points.

At 404, names or O . 10 .31 COct'ober 2003 WD 00/ 67004 PCTI USOQ 09489 275
simlar identifier@Sadeied: balow im thecuischagive of FIGS: abl thetugh 8,0pgsti t h

tsgrem I guin‘ger Prodidng Usig o Bbmpfliz28 Bivice EBMPrsig hSaward A SomonreS ol
appropriate combination, reduces noise by smoothing the raw color scans and
calculates the difference in L vaiues (using CIELab color space) between the

235  lightest and darkest points across a streaked region. That is, if a dark line is
observed down the part, it is desirable to look at the “normal” color on either side
of the line as well as the variation from one “normal” region to the other across
thé discoloration. Various embodiments are pdssible. For single-streak parts,
Delta L or area under the curve may be calculated. For parts with multiple

240  streaks, the values for each streak may be averaged or the values for each
streak may be reported individually. The user may also choose to view either the
raw data or the smoothed data with no further post processing. While this
invention is described with reference to CIELab color space, it is understood that
any other means of characterizing and analyzing color can also be used in

245  accordance with the invention.



simlarly identified. At 406; each data point is storedi@cioher 2003put eri zed
several associated pieces of information, Tncluding the sanple

device wth

nane or idenW® d@67004 he number of that particul ar point in the PER&ISH0/9439

sanpl e, the
(i.e., the f
408, the dat
requi red dat
in sanple, s
fields (all

anal yzed fo
in connecti
The resubgg
as a spreads
data format
process conc
illustrates
conputeri zed
50. Then the
quality calc
i ndi scerni bl
to a serj

y coordi%éfe
is filtered

spatial 280 position of that point relative to the origin
Irst data point for that sanple), and the L, a and b val ues.
ais exgm’ ned for conpleteness. It is determned if all
afield

r one sanple at a time at 5, usin ss  sunimar

At

nge @ pirelenet nelkdes Rlastimparb sainmiest havebeen prodticed ahgr
i i . b dif th | cal
b padt o B Ceafed TP siatity s Bsaiir BPortiuraRir ot acpaiming tedhe
data is el i riaventiont a8 descAbad anchetdréncshb! FIGEID! BiSudie, 448 deyLiRD
the pro ’ EH I ow

orFAiNRaTeHNE vasiougrsampleReanthdetesiming whichmskaipte frars tHd opaRRINgS

ncafpeehibe Fil'n i, el d dhs3itie fiadielRneatiach mixeotingredionts
s L wisich sebof @'océ%giééﬁditi&i@ﬁ&ﬁcﬁbeh%@&‘?ﬁé%@fci(t)iﬁﬂ’ etc. The
s stép FIG 4 and

| udes at 418. In FIG 5, which conprise
t he overall qrgrocessi ng of data for a single sanple,

devi céd NEve

rtBfeeoBEimERs tynascof daladtheh arermade ayailebles forpihes at

P eepontiph i Rty S HERe Forich LB Pesls and vatey o

e cuesstreprasent howerapidly chior varistibrzUiake A& fdmTBhb! écga{bt%ﬁ@ @e;n q

of Lnts usjn araneters to define the accuracy
ARt | et 4

oproioned 1o 8hme highi 0 B30BP MBS 210 0e RIS ) BRhih L i

paraneters are mal ntal ne

superi nposed
513, this co
iterations (
first iterat
11 31 Cctobe
Det ecti #$d o
defects or i
Iteration at
with a chang

265

270

owssurdmenidiased porttiesg siopas! Seabad it etdesirblel 6 oflain'% dBifedd
nﬁégss g dzﬁﬂls tEeE fur}\her filtered through severa
i HEPHIPSOR,PA i averglh Sagpe chagpstaristiesiof therapmmaranca ofithe sampkhe

Tl 53 s R T A s o S

cwariationifrarmeanil peak torthe adjhoernt vallby\ves waldss &l & Bivaal) %rﬁ%e
ond

"G8R) 6 S A b Salisioalst nsianiicanticntor vanations e

emeasiretiofrom aRE lirebP 'pdsiRet Mé et | 905 hnl" Gh "Sampte, it is
desirable prior to performing any of these calculations fo filter out these

insignificant variations to obtain a plotting of true peaks and valleys, over the
space being considered, for each sample.

FIGS. 4 and 5 are flowcharts illustrating this overall calculation process.
At 402, computerized device 101 first determines the overall number of plastic
part samples 11 that have been scanned for analysis. In the discussion to
follow, the term “sample” or “sample data” will generally be used to refer to the
overall set of CIELab (or similar measure) color data points obtained by the
process outiined in FIGS. 1 through 3, for each plastic part sample. For
example, if a dozen plastic part samples were produced and scanned, there
would be twelve sets of sample data associated with these twelve part samples,
and each data sample would contain a number of data points. At 404, names or

i0

rapie; @nd| since, smoether (fawsrsslopeh vaniationw stat a

3

ol



adj acent mini ma and maxi ma ibel ow a predeterm ned |im tidgOotabers20080 t hat
only.significant variations are maintained. The third~and final iteration,
al so at :noVB@8w4HbL 9) then returns to the data set any m nipofyRe ddlse
tthat has a high naxi num point on one side and a | ow nmaxi mum pol nt on t%e
ot her side. The data output from513, illustrated by the exanple in FIG
9, will _be henceforth referred to as (final iteration) "filtered" data.

Fl uct ua® ®ns Sirpilar idgntifigns) asseciatedswith ddchvé i i ' [ ndi e
changes in ttﬁ«a %?r pe o} he s | e. 31@%%)&?!% gétéﬁﬁq% érggﬂ%g’\%h Q"e
cal cul ated at @%P r‘?%a(ﬁg'ln %{Pﬁﬁﬂ?ﬁgnﬂ@lea Theafirsbtiateapbind dort dacts 8ERIRS is
accordi ng t osintier] f st 2 nd the signal intensit
P TE 1T ool Tl £t A% E2ER PRE) BRlyt B Somrl et Eimpuisuptisevice

scal ed corr edithysevera, asspciated piecusesf infonn@lich, Ciﬁblﬁﬁkg Hﬁi‘ sgf-npa‘?i ,far%g Uq%;i)t y
slopés

unber. If = .ty nunber, dUdx, = the sum of t

M er ed dacepfih P“H%fmféﬁat BaticHIgr doafl ini thki everalicansie 1 80 spafan: Q
= In (Mgo Y, pddiibh hiFRd : b,data, ,once sinply substitutes
a and(b for f i n tﬂﬁethgfoé*cgi. He?éé’yéit?féﬁér 86%‘?‘:1@%#'@ Tﬁrﬁgd?ﬁargqucfefqplﬂ%/ﬁtsammfe).

sl ope) of té&rd the b aaddlb \winesesAt 408 ciheafti ARG t hness or
ghaanZass of 4Dy BESHLEd 325 streaking. Asaﬁéo%jéad above?%mbzeﬁgggﬂeﬂf@rst
of the three p%‘)ﬁgg 'ﬁ@gé'ﬁ?‘é‘ge‘ﬁgétf figlgs recpresant (saropleamang: @rlidgﬁﬁﬁgrgs is
to be used itthea irSinf Ukhat:.SC Rroduction reci pe. Next, at 52,
the overall E@;(mggzb@icgb%at ﬁJg%Hg{'ao'ar%a'HBLecr'i--béd,b) @ichdf thee
sane filter @t thieusama) edle iny 9) to 330
cat-cul 3¢ q"b%ltajikyl H% 5&94 Hsi taiys fil ternlféér(?aéatzrbgfhggﬁ,ﬁm%ﬁggg rides at
as gl ear repr esen"?@#l % d gﬁﬂ?aﬁ A4, while ceawletecawidata istierf aeslyzdy
various 12f&1lofets le? 0 0Aci 04489 ways .as shown in
FIG 11. Data tak_enb?‘i}_lsjom%sgarI Y?Gg éf;%éss'ﬁﬂwg%%%ﬁ?muwﬁﬁzaﬁ freiownin
types of defRBRECONMSIFIG.& entil thenalsipialonstierer afsafibles. FRS L K Ve
data such a r@ﬂﬁm%ut &t %1 L dt h.. g d .curve shape allows the usér %-B to
quantify an% qual i LAPT vgﬁpy %&érﬁ%@ E’n@atéi PYteyidedco suchas a appéadsheghe
nunber of debmptieridsplasmopliter, Hrinke! S “intensity of each

i ndi vi | .def ect arpga}fnportazr_%)fmg&;' %ﬁgﬁwuéte%rﬁl!téﬁij%{b?t?ﬁw& %&'ﬁﬁj"tﬁ'ﬂ‘eﬂﬁe

t hr ee %éj t?rmp?ta, graphical representation, etc. The process concludes at 418,

In FIG. 5, which comprises step 5 of FIG. 4 and illustrates the overall
processing of data for a single sample, computerized device 101 first obtains

the raw data for the given sample at 50. Then the first of the three above-
referenced caicuiations — the quality calculation 51 — begins.

1 295 At 511, small fluctuations in L, a, b indiscernible to the human eye are
filttered out, using a multilinear fit to a series of points using parameters to
define the accuracy of the x and y coordinate fit. As illustrated in FIG. 6, local
‘noise” in the raw data is filtered out, and only variatibns above certain
predefined threshold parameters are maintained.  This results in the

300 “compressed” data piot superimposed over the corresponding “raw” data plot
.in FIG. 6. At 512 and 513, this compressed data is then further filtered
through several iterations (in this example, three) illustrated in FIGS, 7, 8 and

8. The first iteration at 512 (FIG. 7} identifies all local extreme, i.e., maximum

11



measures used to determne which anong all sanples is tid Geobeeaadoads t he
basis for a full-scale prodmction reci pe. Sone exanpl e-wi dth, hei ght and
340 sl ope data resulting fromshape analysis 52 are illustrate he
upper right Br00fey 84 11 Finally, L, a, and b shift calculatioﬁg&gﬁg&gMgg
performed at 53 to describe the signal intensity shift and color shift
.across the sanple taken. Whereas quality calculation 51 and shape anal ysi s

52 share the ; e 5 [ : data, shift

cal cul ation é@ﬁ"ﬁ e pt ??ﬁ?e?%%éﬁﬁ??f@% ! anggrégﬁn%%g nl?)aé‘y 1 VElES aﬁ%§ se"
in the paw daleterreinatibhesfetbfects, oraindonsibiencied indheaRinBIBARKCH tdtfdhking.”
predefined threshold paraneters are naintained, resulting in a seconog
conpressed dat Bes¥acosidnit¢rationat §itd (GKFaPheemeyesirom thewataset,iall nnima

general ly pr : ' rLent ,se f hol d 350 _par terg for
shift cal cul :?:EIHTHQnsE gggt%gﬁ fgﬁélé%%luﬂf_ y(@»’lé aa(r?fg éRé;’e)g-'qosf c%ﬁ'l‘“@ﬁpﬁgfﬁ'ﬂ@ a'f?d
anal ysis. Si ra'd[j)actém minimB2and anakinaobelwn 2 peedBteimined lﬁﬁﬁtiﬂésvél?é, 893hat
obtai ned 532, but again, these are based on the preferably “different

t hreshol d parcsyesl@NFicané yapations arerpaiptaingd.1 The dhire @ndifinahiteations afso afr e

Thi s 1 o 25 s o3 1P Sitpd depdet® 1Ptk 0aud B Silicibmelit that BBsiEhidneq
threshol d heingéatimame poirtrordbae aidednd andw headimemi péint a8 tM@lo'thérSsiﬁ((e).i'ﬂgfihgt_{2

shifts, are calculated from peaks above that predeterm ned thres
1f 'S = shi fdata outpufEemsiig. Jiugeatrdry the examppigeint Rl showill, bexhanseforth

31 Ot ober - 2055 SR AT B A e R ot in ) st el
aver age peak fdiisvghg this fitegingdndisateptitangesdiincthe @ppeatastecsfithe @ampls. t he

third of the three primary neasures used to determ ne which anong al
production recipe. If

sanples_is to be ed as t basi.s f.or full-scal e" > ]

desi redt? he i ndi \lﬁ af %*ﬁ& oumberyjs ?{egoatrg{%eﬁ%gh'a“@ BEMPRRis a

average. |t iayudankindPthe Sahplds@Eecdidiny @UGR ruint Gh3Ra |

representations of nqrrrifagr)i C datg stored H?rand o%'gpglte}egﬁ%%%én g‘scomhﬁ?bgi zed
the signal intensity shift: It is linearized §15 so that ranking of several test
samples is scaled correctly. FIG. 10 illustrates a sample calculation of this
quality number. If Q = quality number, T dL/dx = the sum of the slopes of the

320 filtered data from 513, and M = a suitable multipiier such as 1000, then:
Q=In(M*z DL/dx) (1)

Similarly, for a and b data, once simply substitutes a and b for L in the above.
By its relation to the first derivative (slope) of the L, a and b curves, Q
essentially measures the smoothness or sharpness of any measured

325  streaking. As noted above, this is the first of the three primary measures used
to determine which among all samples is to be used as the basis for a fuli-
scale production recipe.

Next, at 52, the overall shape characteristics of the data are described,
using the same filtered data from 513 (illustrated in FIG. 9) that was used to
330 calculate quality number Q. Using this filtered data at 521, one arrives at a

clear representation of signal peaks that can then be quantified in various
12



device 101, and of course, ithat FIGS. 6 thorough 13 ar@19Detpbar d00OBustrati ve
of the invention and not " Timting. It is further undérstood that this
nuneri c dat YO 8¥6TWAC| udi ng nunmeric data indicative of such f&4EPE/09489
Goordi nates, slopes, shapes, etc., can be represented within conputerized
device 101 in a wide variety of ways that would be apparent to soneone of

ordinary skill. -Fi n%él‘x’, dt_ 1s ﬁnderstood t hat specific manners of
repr esent i ngVEHS 3LABPVE IpdTIS- Thddatai lakeriften \@riowsagnples inrfact shows

o bo w i hi nPheaeretlypes U EREls BRR dRroRTERRIg phA Bigbek a0 524

to be within e scope the 1nven

t herewi t h. Tdnescrq;tmﬂedatmchamhe@ht &lopsitthy avld curee @.ﬁép@fallé%e(ﬁé
defects, includi n '%;t and dark streaks, splay, surface defects (gloss

or rougRfessiP qaﬁa galisyely descihe he gifference between damplear e'fhef

changes: and R DEF pERERs e FaRdE ase) AEHE SRR by Fsachiipan il s
therefore, tdefeet @nddngiopeeit ttbathet bser PRI o8l the %é&nér@r tHenH?r@QeSnﬁ-:%rfover

all such nodifications and changes as fall within the true spirit
i nvent on. 14MEeasYras:Heeto MWOGFWO@HOF@H"@DP@BMQOWEMSBS as alnered

Is: 1. A t I

i astic  parien 10) 'adi@n%%%“s?ﬁ%d%%ﬂﬁ%l%‘ﬁépf?a#'ﬁ%z{xa%&%ﬁw@a' c bR A

pl ast i B4par tdofd Wata aespidng dtdm- stesn ard) fySI €52 2p86Rtratdd té\@ércpgié‘nPEEB a
pl urallty of , rawfﬁ'-'i@azta (50) readings of reflected light (14) fro anpl e

points (17) " one of said sanple plastic parts (11); and a
conput eri zed device (101) for post-processing said raw data (50) readings

bf( nal yzi ng and 1f ygn mof, _claiml
wherein said nol dﬁﬁgﬂ*'o%'l é'( gyafﬁhr%h[]e?glgg%?loﬁé@re g%ﬁ%g'fecfé?%%p é%cn €
conpri si ng 4ke|signal 'mtm’lsg'fatshi(tﬁnd cotoer gift avobsse the kasiple thikere X tWHERShs

ol d-sampi ¢ Bty PRCHATPS £85 Siche ANisl 88 e Ui siap cormressalia iy
from said e@fdJﬁltél@dt 513’“521 ﬁtﬂ 3hiff eAeliaRAR SBhE tl'(é”f)}eferred embodiment
does not. At 531, local “noise” in the raw data is filtered out, and only
variations above certain predefined threshold parameters are maintained,
resulting in a second compressed data set sirﬁiiar to that obtained in 511.
However, it is generally preferred' to use a different set of threshold
350 parameters for shift calculations 53 than for quality 51 and shape 52
calculations and analysis. Similarly to 512, local maximum and minimum
points are again obtained 532, but again, these are based on the preferably
different threshold parameters used at 531. The three filtering iterations 513
are not performed. Then, at 5§33, the shift is computed. FIG. 13 #llustrates
355 this for a sample L shift calculation. Peaks below a certain predetermined
threshold height are then discarded, and the L shift, as well as a and b shifts,
. are calculated from peaks above that predetermined threshold 512. If S =
shift, T = total sum of peak heights above threshold, and N = number of peak
" heights above threshold, then

360 S=T/N. ' (2)

13



3. The systemof claim1, wherein said nolding tool (2)31fQctbbar200enpri ses:
a cavity (21, 22) conprising at |east one gate (37) and-—at |east one _

i nsert | ocat Wmog@e)4 and at | east one nol ding tool insert (3) PETVHS0809489

| east one negative 5 topological feature thereof, inserted into said at

| east one insert location (26); wherein nolten plastic is extruded through
said gate (37)|_ into said _cavity (21, 22) to produce said sanple plastic
parts (11) wi ttR3pEsihe Saifk Smphb giaasiures ienaverage eakdwighl ofes gmiveh sgnipte,
said negativeuhanp | r.es, of i l.east 10 one nol di ng t ool
insert (3), and W tIa %g%ﬁgba%%géﬁdﬁc@%d@@cggﬂ{[eeéﬁtflefai RgMEN Measkesyused itpe
topol ogi cal sdefermind adlalr among. allTsemplestistd Ol @ B Ihe WARILIHG ?S?Linesc le
negative and correspondi ng Eosmive opol ogi cal features are selec gF'®r om

t he topol ogi cRIoGustpRrecigeolislastied the inglividdal shifts may belrépsried aather thahol e

(31); a S : I b at an angl e between zero and 45 degrees (33)
rel ativé”%%z sgﬁgveé-)%gé'usi on of said nolten plastic through said gate (37);

15 31; Cctober 2003 WD 00/ 67004 PCr/US00104489 a rib at an angl e between 45

and 90 degrees (34) fel ahtlstdsd sthat FIBSXE Usraugef 1saii%§PAt egber%bﬁ%érc
t hrough said gate (37?; a tgri || at an angl e between zero and 4 grees
(35) rel ati vefapsesentations i gneric siata siagedin aes operated wipdm by gbrgaitdriged e

(37); and a ghhd a I a es (36), relative to
Sai 0 ot r usi o s 017 A0 b BURe B ST Bunsoult £ 5 Siaby yStaniee of
system of cl ahm ifiventiver and nstlichitregyp itt ierfurther dedéretoddl ot tﬁlérﬁlPﬁlreric data
conpri ses: uterized data conpression nmeans (511) for cal culating ’

conpr esséd 339 luging nHMsrcndatauindiertive rbisyehpierdires as everdinaitesdslopes, i
T CaThy o PR Fosm e et b chabd s S ¥ oo ()
variety of ways that would be apparent to someone of ordinary skill. Finally, it
is understood that specific manners of representing the numeric data
underlying FIGS. 6 through 13 in computerized device 101 using practices
375 common in the art is considered to be within the scope of the invention and

the claims associated therewith.

This system may be used to quantify all manner of appearance defects,
including light and dark streaks, splay, surface defects (gloss or roughness), and
others.

380 While only certain preferred features of the invention have been illustrated
and described, many modifications, changes and substitutions will occur to those
skilled in the art. It is, therefore, to be understood that the appended claims are

intended to cover all such modifications and changes as fall within the true spirit
of the invention.
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i‘teration filtered data by!identifying |ocal extrene pdinDstob@mmoBsi ng
maxi mum and m ni mum points in said conpressed data; conputerized second
iteration fW®e¥e76e# means (513) for calculating 10 second it ACHVG/09483
filtered data by renoving fromsaid first iteration filtered data, any of
said |l ocal extreme points that vary with respect to an adjacent | ocal
extrenme point by a magnitude below a predetermned limting val ue; and
conputerized third iteration filtering neans (513) for calculating a final
iteration filtered data graph by returning to said second iteration
filtered data, 15 any m nimum point that has an adjacent hi gh maxi num
point on one side thereof and anp adjacent | ow maxi mum poi nt on an ot her
side thereof. 6. The fepRBRed [Sai m 5, wherein said conputerized device

(101) further ONMIg ) 16 QBN 1) ' | Bl : .
cal cul ating (51&%@# t%}I'i,l? rt\(gar_i z?sﬁgh(ag%gm?r %@%ﬁ?ﬁsgiﬁ%&?tl@?@t%fdoé;ooﬂalspcé-r ed
data graph, a qB@ts {\)neRMRISING Q given by: Q=I n(M ZDUdx), where Z dUdx

represents a sum of _§|nmgiﬁgqéols($l]@rfp}mciﬂdﬁrﬁ p'epﬂ,]agﬂd aﬁﬁ@g‘ﬂgt a and Mis
a linearization multiplier 7. %s S e’r_ln_gegf (ft)a m 5, wherein said

conput eri zed device %f@fﬁa%ﬁsﬁyﬁ 5%?1:&)50 gr o*%d?@ﬂni% as piyFality of raw
cal cul ati on sreadataf (50) deadivgsngf (FR2jed lighh($4) trodbsadblépbpie (1208BalRast
00/ 67004 PCT/ Usgr% Spésﬁgg%g@féeafagﬁé%gér)nﬁ.lhéﬁr ed data graph, at” | east one

dat a shape desctiptor € ] ta shape descriptor group
consi sting of a hei ghicosfpulgrizeshdeviomd10t) baipbstyprocassing salds rav tdata qsppct

to at least o Ml | | : ; I of said filtered
data graph bet V\r}ggﬁ?ngtbwregarﬁﬁn_eé% aggﬂphﬁééﬁr%%dg\ n(?’@?‘and at | east one
n’? n) mum poi nt %Ij Toe systereefalaim 1ovherginysaid soldimgdooi {2 éurtherdumaprisesph

bet ween at | east on ' i NI d a curve
& Rality &1, 28) eémﬁsmigt: @asﬂshtéga?er gﬁﬁf 5’@?’%

l'am 1, wherein sanGoLGHRERS I Sanifiedt tbisUonssig of isackone gate (37) info said
cavity (21, 22) to produce said sample plastic parts (11) with any appearance
5 | defects resulting from said extrusion through said at least one gate (37).
3. The system of claim 1, wherein said molding toof (2) further comprises:
a lcavity (21, 22) compiising at least one gate (37) and at least one
insert location (26); and
at least one molding tool insert (3) with at least one negative
5 topelogical feature thereof, inserted into said at least one insert location (26);
- wherein '
molten piastic is extruded through said gate (37) into said cavity (21,
{ 22) to produce said sample plastic parts (11) with positive topological surface
) features corresponding to said negative topological features of said at least
10  one molding tool insert (3), and with any appearance defects resulting from
said positive topological surface features.
4. The system of claim 3, wherein said negative and corresponding positive
topological features are selected from the topological feature group consisting
of:
a fiat, null surface;
5 a hole (31);
a boss (32);
a rib at an angle between zero and 45 degrees (33) relative to said
extrusion of said molten plastic through said gate (37);
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conprises: conputerized data, conpression neans (531)- f3drOctaber#088i ng
conpressed data by filtering out |ocal noise bel ow a predeternined noi se 5
t hreshol d, fwomons2a00d raw data (50), and by identifying (532) |BCRUSENHIMEITE
poi nts conpri sing maxi rum and m ni mum points in said raw data (50); and ;
conputerized shift cal culation nmeans for cal culating (533) an average peak
hei ght of said | ocal extrene points of said conpressed data, wherein the
average shift S in said peak-heights is calculated as: 10 S=T/N, where T
represents a total sum of peak hei ghts above a predeterm ned height

peak hei ghts above said

threshol d, and N repre ts, a nunber, of sai
predet er ni ned hei ght t%?@s%ﬁ&. aggie e#@’?ﬁadgﬁ @”idd89t¢991f?%$1d3@ueaiaiiw%/to said

appear ance def ectextiusiomodfoiti piciieni plastivathreughldaid gfawml)osi ng the steps of:

produci ng sanpl e plastjg,.. t 1 usi ng_a nol di.ng. tool (2); obtai ning a
plurality of.raw dat a_é( @B? %E eai“dﬁs'?‘é]é *%ﬂ?WFgE‘F@é? &gd HFQ(GP§)335B relative tmsaide
poi nt sI I(17) of I ateéctrua@n @rsaic maltan piasticrth rooughesdid gatwo(:jsl?;?, dnHl) f usi-ng ad
spatially-resol ved sp DRt L1 Nakyzi and quantifying said
readi ngs” (50) by post_%bé@g‘gsﬁa‘”épa‘*i 8&“&5\?\} gét%’c{]ge)dergé% ®lativg t@ said
conput eri zed deviexbugioppf saihmoktans plasticdircsighelaid ga®, (3%pi d step of
produci ng sai d sgNpirReRhyatdrhofPd (8 ' | | ng,£.90}
further conprisi ng t he s)?ep of : é%(‘t?r.'lﬁ | néeﬁﬁo%%]gn%%tgﬁ%eﬁ ngﬁﬁmg%)z%%
one gate (37) infB™RMEEFity (21, 22) thereby so-producing said sanple
plastic parts (11) w cbhmpliyerizédd1daiat OBSHprddabr ARRER' d {> C .
resulting from sgbﬁj. gxt??s]' n tt}rough sg' g gt | east onea{?ﬁgl e.?_ é?%fglc'iifn”Qhe
met hod of cl ai m 82 PLF3PE t%ﬁadw iesag oH B’Cé Neyse befave 2 predatemmipedtitbreshalt)
usi ng sai d md di frgnt said rg@)data(30)er conprising the steps of: inserting at {
| east one nol di ng t ook, 3 . Last one negative topol ogical )
feature thereof, i nt_oE%?BPfe‘%rfszte ﬁoﬁ{g\{\':rt%&tﬁn h@%ﬁ}q 8?@("?6&‘%8# tgr Eatpuiatingsfinsp 1 .
22); extruding nigratan pilternd datarbyoidgntifying loaaltextreena poiats( @tﬁ'hpﬁé]h? rSatifum
cavity (21.-22)andfifiirh poRtitd H'aiBeohdssafBhfs; Pl astic parts T1) wth
ositive . ) . . .
P computerized second iteration filtering means (513) for calculating
10  second iteration filtered data by removing from said first iteration filtered data
any of said local extreme points that vary with respect to an adjacent local
extreme point by a magnitude below a predetermined limiting value; and
computerized third iteration filtering means (513) for calculating a final
iteration filtered data graph by returning to said second iteration filtered data,
15 any minimum point that has an adjacent high maximum point on one side
thereof and an adjacent low maximum point on an other side thereof.
6. The system of claim 5, wherein said computerized device (101) further
comprises:
computerized quality caiculation means for calculating (514) and
linearizing (515) from said final iteration filtered data graph, a quality number
5 Qgiven by: '
Q=In(M* X DL/dx),
where I dL/dx represents a sum of slopes of said final iteration filtered data
and M is a linearization multiplier.
7. The system of claim 5, wherein said computerized device (101) further
comprises:
computerized shape calcuiation means for deriving (522) from said
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fopol ogi cal surface, featuies corresponding to said negdt?¥ee¥ 98P ogi cal
features of said at |east one nolding tool Insert (3), and with any

appear ance WIpDoifgpeLts resulting fromsaid positive topol ogi cXCTHRIP/AREI
keatures. 12. The nmethod of claim 11, conprising the further step of
selecting said negative and correspondi ng positive topol ogical features
fromthe topol ogical feature group consisting of: a flat, null surface; 5
a hole (31); a boss (32); arib at an angle between zero and 45 degrees
(33) relative to said extrusion of said nolten plastic through said gate

(37): 2,Lib at danetaidbehinred e 3rbifuidessi o ddid)onahe! Allofeid ety

10 extrusion_of salgrr%l Iastlcthrou sai d gate
angl e betweeR zdfYNfa @%?%@@W'ﬁ?rgﬁuﬁtqoﬁélsﬂﬁggél d extrusion of sai d
mol ten plastic thro h

pl asti ugh height ofat I%aéﬁ@he ofB8idan 8kitri gﬁ“?%ﬁﬁ?%%eﬁﬂ% FF@

and 90 degrees (36 relatlve 0 ,said, extrusion o
through said gatc@ @ﬂ'muﬁ 84RCeAb hesetog | ai m 9, said step of anal yzing

and quantifying said areems rtgssa(ﬂoﬁltémdpaéﬁa fapheggtw&nsgltq Law,fat g%@e
r ps

of “cal aul at i ng AnmaruER ERIFERRGES e oFE i o SORUIONA A

5 out |ocallfoise belawidih of edielfitenedddta gnapb hetwieers af iéuétaéﬁélﬁaif' bf Sélected

iteration-fil teri@égl% htsbgnadent ifying local extreme poin
conpri si ng maxi num an i mum palnts in said conpressed dat a; 18 31

Cctober 2003 -i WO 0 GFUe shADY/obsh iEasbaBe region of saidtfilterpdseatangtaphier at i on
fil d d 13 fil d
iltered data (8l13hBYsys®smVof&air AN veiRerdin Eélﬁséo{gﬁ@égﬁéeogpey%etaﬁbig f tat

gy of said local _extreme points that vary wth
chl extrene pGPAPEPSa nagni tude bel ow a pr edet er m ned limting val ue;

and cal culating a fiomputerizeid odafd | temprestisrn eieald (&33) Hyr ' hufkng to
compressed data by filtering out local noise below a predetermined noise
5 threshold, from said raw data (50), and by identifying (532) locai extreme
. points comprising maximum and minimum points in said raw data (50); and
computerized shift calculation means for calculating (533) an average
peak height of said local extreme points of said compressed data, wherein
the average shift S in said peak helghts is calculated as:
T.10 - S=T/N,
where T represents a total sum of peak heights above a predetermined
height threshold, and N represents a number of said peak heights above
said predetermined height threshold.
. 9. A method to identify and quantify appearance defects in molded plastic
) parts (11), comprising the steps of:
producing sample plastic parts (11) using a molding tool @)
| obtaining a plurality of raw data (50) readings of reflected light (14)
5 from sample points ( 17) of at least one of said sample plastic parts (11) using
a spatially-resolved spectrometer (1); and
analyzing and quantifying said readings (50) by post-processing said
raw data (50) readings using a computerized device (101).
10. The method of claim 9, said step of producing said sample plastic parts
(11) using said molding tool (2) further comprising the step of:
extruding molten plastic through at least one gate (37) into a cavity
(21, 22) thereby so-producing said sample piastic parts (11) with any
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said second iteration filtered data, any m ni num poi nt 3f 2RRA208% adj acent
hi gh maxi mum poi nt on one side thereof and an adjacent |ow maxi mum .15
poi nt on an other side thereof. 14. The nmethod of claim 13, conprising the
further step of: calculating (514) and linearizing (515) fromsaid final
iteration filtered data graph, a quality nunber Q given by: Q= n( M EDUdIX),
5 where E dUdx represents a sum of slopes of said final iteration filtered
data and Mis a linearization multiplier. 15. The nethod of claim 13,
conprising the further steps of: deriving (522) fromsaid final iteration

filtered data I . - escriptor selected fromthe
dat a shape esg@%&?ﬁ%‘? ggg‘é&%g@“ﬁ h%nigg@e’gw&rbﬁlmﬂgh Said ghdasyneof
sai d maxi num pajateg3#).t h respect to at |east one m ni mum poi nt adj acent

th t o; I L d, fil h, bet t | t f id
maxi mum pai nt o Gha 188 akor SRR 8 SAHSSR At PRAUERS.oid sample, lastiairarts of
said filtered dddaugingmaidrohiegtonl (2efasthspeemprsing tHe stepsef:ed 10 | ocal
Gat o graph. 1o, The HEEHBY IR SR rBleng B rsR of Ay deasd Cnanegative.
quanti fyi ng saitapologioad fieatures blereyf, [tot atpleast ose rigsestilogationy (26 of G58avity
readi ngs usgng qlgzrconputerlzed device (101) conprising the further Steps

of : cal cul ati ngfécbnpr’essed. data (531) by-filtering out |ocal noise below a’
5. predet erni ned noi sextrudingsmaltan Hagie kughy alleastiene gatp, (3Znimtd gaid cavity

> Pr ecet s | t . e : pald |
boi nts 1 sai & Cf hachanerst SEPReIt ?3?3??;35%2%3@ P RO i Bopiite,
bf said local  dRPRBEICEhUace’ (Fatyrarqapsaponding 197 sehl MRGRIVS tpsiagicalof
sai d conpr essedediires ofbsideit fedstenavrokiiey ©al inseft (B1) ahdivitPEAK aEE%&%E?i S
10 calcul a%ggt %ﬁgye%ltind\ﬂs&esa}d B%g{tﬁa?gﬁcﬁoﬁ}cél%tuﬁlacg \"ena].tgrfesl.oea s g' >

above a pr

12. The method of claim 1 1, comprising the further step of selecting said’ '_ _
negative and corresponding positive topologicat featuras from the topolagical
feature group consisting of:
' . a flat, null surface;
5 a hole (31);
> a boss (32);
' a rib at an angle between zero and 45 degrees (33) relative to said
extrusion of said molten plastic through said gate (37);
a rb at an angle between 45 and 90 degrees (34) relative to said
10 . extrusion of said molten plastic through said gate (37); ) |
a grilt at an angle between zero and 45 degrees (35) relative to said
extrusion of said moiten pastic through said gate (37); and '
a grill at an angle between 45 and 90 degrees (38) ralative to said
extrusion of said molten plastic through said gate (37).
13. The method of claim 9, said step of analyzing and quantifying said
readings (50) by post-processing said raw data (50) readings using said
computerized davice (101) comprising the further steps of:
| calculating compressed data (511) from said raw data (50) by filtering
5  out local noise below a predetermined threshold:
calculating first iteration filtered data (512) by identifying I5cal extreme
points comprising maximum and minimurn points in said compressed data;
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Rei ght threshold, and N represents a nunber of said pead Gepegitad0dbove

sai d, predeterm ned height threshold. 17. A nolding tool (2) for producing
sanpl e pl astW@ofBi094 (11) for use in the systemof claiml, dRGHVSH048%
gated cavity selected fromthe -gated cavity group consisting of; i) a
cavity (21;22) conprising at |least one gate (37), wherein nolten plastic is
extruded through said at | east one gate (37) into said 5 cavity (21, 22)
to so-produce said sanple . plastic parts. (11) with any appearance
defects resulting fromsaid extrusion through said at | east one gate (37);

and ii) a cavit 21, c2Rulat cahd derdtiohefitet i
) Y, o CaeladngReESng feiion Titsred QRIS ) by ferfiling trar{ Ve, |

one insert |ocation 6); ..and 10 at | east on .
at | east one neggrtsf\r’}@?azt[&&pwf%ﬁgc%ta*f gy l??esal‘qliﬁ"gf?"tf%%rﬁcéﬂfs that ovagpiwiitht
Iﬁast (r)]ne !Eilsjertréspeetitpnaﬂ2§¢iﬁ_acemh&q§¢élne)§t£émét2 ?ir@'@?tégrd nﬁﬁ&%“géﬁ a
t hrough sai d gat . . cavit , to producé sard sanple
pl astic parts (1%9%2‘%#@%@,@% Y%ﬂ%‘l cal surface 15 features
correspondi ng to sai dcalegatingya finglotergfiaralfiltéral dates griphs 6 18)aby |r§t"l’§r?in§n?o
nol di ng tool insgr g ect esulting from
sai d positive to%%#o%%égﬁﬁgga?twgc@te?%%td g{rég?%&%gﬁﬁ?ﬂ ; pﬂﬂ%dﬁﬂbH’E‘%é‘P digcent
claim 17, wher eitigh anaxiryatpaiet andone gidecthieread agd pus iatjacent dpe! pakiAbm
features arqSSelwﬁpgnfah%émdémgggi cal feature group consisting of: a
1); a

fl.at., .null surface;_ 5 ahol egg ; oss,(,32%: a rib at an angle between
zero and 45 degr¥esTegethed of claim (8, cemerisiag the further stepsefi d nol ten pl astic

through said gate (3Ralouatiid(5M4) shcAhelarzing!(B3SrdR saRthitl] el ErAnd Ay
relative to said, 10 extrusi 0 galé nol ten plastic through sal gé
(87): 20 AVENDERREEP 2043 BumBeh SR B/ 67004 PCT/ USOD 09489

Q=In (M~ Z DL/dx),
5 where Z dU/dx represents a sum of slopes of said final iteration filtered data
and M is a linearization multiplier. .
15. The method of claim 13, comprising the further steps of:
deriving (522) from said final iteration fittered data graph, at least one
data shape descriptor selected from the data shape descriptor group
consisting of: .
5 - a height of at least one of said maximum points with respect o at least
one minimum point adjacent thereto;
a slope of said filtered data graph between at least one of said
maximum points and at least one minimum point adjacent thereto:
a width of said filtered data graph between at least one pair of selected
10 local extreme points; and
a curve shape of at least one region of said filtered data graph.
16. The method of claim 9, said step of analyzing and quantifying said
readings (50) by post-processing said raw data (50) readings using said
computerized device (101) comprising the further steps of:
calculating compressed data (531) by filtering out local noise below a
>  predetermined noise threshold, from said raw data (50), and by identifying
(532) local extreme points comprising maximum and minimum points in said
raw data (50); and
calculating (533) an average peak‘ height of said local extreme points

19



5(?}_95%@5 an angl e between zero and 45 degrees (35) r@addeisereo03ai d
ex bt said mol ten plastic through said gate (37); and a grill &S@000Q9:

angl e between 45 and 90 degrees (36) relative to said extrusion of said
nmol ten plastic through said gate (37). 21 6 11 PCT WORLD | NTELLECTUAL
PROPERTY ORGANI ZATI ON International Bureau | NTERNA T' | ONAL APPLI CATI ON
PUBLI SHED. UNDER. THE PATENT COOPERATI ON TREATY (PCT) (51) International
Patent C assification 7 : GOEN 21/89, 21/88 Al (11) International

Publ i cati on Nunmber:; (43) International Publication Date: WO 00/67004 9

Novenber . 2000 ©Ebgaich compressey daiaewhat
PCT/ US00/ Qgﬂsgm%@atég;agciat |)jonal g .eé'g"ﬁa?ﬁm?é%%%%ﬁee&bwtw

(30) Priorit 03,409 3 May 1999 (03.05.99) US (71) Applicant:
GENERAL ELECTRI C CO\?DAI\W/NUS/ US]; 1 River Road, Schenectady, NY 12345

Sy, 1 SR A ! SR i g
Schenect ady, I\WGMGBFG(SUS)C’ arh:NilTi'e rbbeﬁtbaa sy, éﬁar%%ﬂ%e%%@h%
é\{g?JUGZ?SO Iggh gnigcig g?%lj% #Nés'l NTELLO Crai g, , Rt
% en (US). Cl FARELLI, James, Louis;
Apartnent 3. 2146 RFod9o @ﬁ&f@awngmmmW@amansf MoMhs e*ﬁﬁrtﬁe
KL L35 Doorsgbens O kbt AR LR (Sheq B st
1187 Hill si de group consisting of:
i) ‘a cavity (21, 22) comprising at least one gate (37), wherein _
molten plastic is extruded through said at least one gaie (87) into said
5 cavity (21, 22) fo so-produce said sample. plastic parts (11) with any
appearance defects resulting from said extrusion through said at least one
gate (37); and ' :
if) a cavity (21, 22) comprising at least one gate (37) and at least one
insert location (26); and
10 at least one molding tool insert (3) with at least one negative
topological feature thersof, inserted into said at Ieast one insert iocation (26);
wherein ' '
molten plastic is extruded through said gate (37) into said cavity (21,
22) to produce said sample plastic parts (11) with positive topological surface
15 features cormresponding to said negative topological features of said at jeast
one molding tool insert (3}, and with any appearance defects resuitlng from
said positive topological surface features.
18.  The molding tool (2) of claim 17, wherein said negative and
correspcndmg positive topological features are selected from the topological
feature group consisting of:
a flat, null surface;
5 ‘ a hole (31});
a boss (32); :
a rib at an angle between zero and 45 degrees (33) relative to said
extrusion of said molten plastic through said gate (37);
a rib at an angle between 45 and 90 degrees (34) relative to sald
10  extrusion of said molten plastic through said gate (37);
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Avenue 2B-21, Niskayuna, NY 12309 (US). BARREN, James; PaHPPer£983Hor st man
Drive, Scotia, Ny 12302 (US). GOSBORN, Arthur, Joseph; 195 Broone Street,
Catskill, Nwodferbds (US). (74) Agents: SNYDER, Bernard at al.;p&ft&iidosss

El ectric Conpany, 3135 Easton Turnpi ke WBC, Fairfield, CT 06431 .(US). (81)
Designated States: JP, SG European patent (AT, BE, CH, CY, DE, DK, ES,
FI, FRR, GB, OR IE IT, LU M NL, PT, SE). Published Wth international
search report. (54) Title: SYSTEM AND METHOD TO QUANTI FY APPEARANCE DEFECTS
I N MOLDED PLASTI C PARTS 13 V 4 (57) Abstract A spatially-resolved

spectronmeter (10) is t U, ing. i | ded | e plastic
parts (11) produced_%?ﬁga?a&m g%n%&ﬁ%%féé%gw?ﬁ%?%zgﬁgf%q%@ﬁﬁd
('32) which prodRidaIsien ebsaid deeitangeastipthroggh akidgaté 482; Aedt ures upon these
sanpl e plastic part s; (ki) ne_or e of these
sanpl e plastic part,sa W)étagﬂ%t%%%%éﬁeqfﬁé&?Bcgﬁ'ﬁﬁeér@%ide Ve de saidl)
vihi ch appr opr i SX@ugion ¢f said salien plastic tmaughsaidigate3ver al | dat a shape,
average peak and valley shift, and a quality nunber indicative of data

sl opes. These calculations are then used to determ ne an opti num set of

i ngredi ents and processing conditions to be used for the full-scale plastic
part producti on.

Q)
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